library. The paired-end raw reads were aligned against the hg19 assembly of the human genome using the TopHat (v2.0.13) program (6) . Counts were generated using featureCounts from the Subread package (Release 1.4.6) (7), and the initial differential expression was assessed with DESeq2 (8) . The heat map was generated by GENE-E software hosted at the Broad Institute (http://www.broadinstitute.org/cancer/software/GENE-E/).
Gene set enrichment analysis
Gene set enrichment (GSEA) was performed using the GSEA software (9, 10) . Dataset files were developed based on normalization of expression intensities by DESeq2. Specifically, the log2 fold change values were compared for two phenotypes in our analysis: MCF10A-Mock versus MCF10A-PHF8. GSEA was executed using the default settings, the permutation type was set to Gene_set with 1000 permutations, and the metric for ranking genes was set to Diff_of_Classes because normalized expression data by DESeq2 was log2 transformed. Three datasets of EMT signature genes were used as references. (11) (12) (13) Each EMT signature collection was analyzed individually in multiple GSEA runs.
Transient transfection
Cells were 80-90% confluent in 6-well plates when transfection experiments were conducted. miR-22 mimics (GenePharma) or inhibitors (Integrated DNA Technologies) were used at a final concentration of 90 nM or 3 nM, respectively. In the siRNA knockdown experiments, siRNA duplexes targeting the human PHF8 (OriGene, SR308029A and B) and MYC (OriGene, SR303025A and C) were used at a final concentration of 40 nM. After transfection for 48 hours (miRNA mimics and inhibitors) or 72 hours (siRNAs), cells were harvested for analysis of gene expression. All transfection of RNA duplexes was performed using the Lipofectamine RNAiMAX transfection reagent (Life technologies).
Colony formation assays
Both monolayer colony formation and anchorage-independent growth in soft agar were tested.
All assays were conducted in triplicate, and three independent experiments were performed.
For the monolayer colony formation assay, 500 cells that either stably expressed PHF8 or had been subjected to doxycycline-inducible PHF8 knockdown were plated in 6-well plates in triplicate, and allowed to grow in the appropriate culture medium for two weeks. Fresh medium was supplied every 3 days. Colonies were stained with 0.1% crystal violet dye after being fixed in 4% paraformaldehyde. Colonies larger than 5 μm in diameter were counted as positive for growth.
To assay anchorage-independent growth in soft agar, MDA-MB-231 and BT474 cells subjected to doxycycline-inducible PHF8 knockdown by shRNAs were added to 1.5 ml of growth medium with 0.4% agar and layered onto 2 ml of 0.7% agar beds in six-well plates, respectively. Cells were fed with 1 ml of medium in 0.4% agar every 4 days for 3 weeks, after which the colonies were stained with 0.01% crystal violet overnight and photographed. The number of colonies larger than 100 µm in diameter was counted.
Transwell migration assay
MDA-MB-231 and MCF10A cells subjected to doxycycline-inducible PHF8 knockdown, or expressing pOZ-PHF8-HA or control plasmid, were serum-starved for 4 hours. A total of 3×10 4 cells/well was added to the top chambers of 24-well transwell inserts (Corning Costar; 8-μm pore size). The lower compartment was filled with standard cell culture medium. Cells were allowed to migrate for 18-20 hours, after which 4% paraformaldehyde was added to each chamber for 10 minutes. Membranes were stained with 0.1% (w/v) crystal violet for 20 minutes and subsequently washed thoroughly with PBS to visualize nuclei. Cells that had not migrated to the lower compartment were removed with a cotton swab. The number of migrating cells was counted using the ImageJ software. Experiments were repeated a minimum of three times. Data are shown as the mean ±S.D. of three independent experiments.
Acinar formation assay
Acinar formation of MCF10A cells in 3D Matrigel cultures was performed as described by Debnath et al. (14) . Briefly, a total of 5×10 3 cells/well were plated in growth factor-reduced Matrigel (BD Biosciences, 354230) coated chamber slide (Falcon, 354108) and grown in 400 µl of DMEM:F12 medium supplemented with 2.5% Matrigel, 2% horse serum, 500 ng/ml Hydrocortisone, 10 µg/ml Insulin, 100 ng/ml Cholera Toxin and 5 ng/ml EGF. Media was changed every 4 days with assay media containing 2.5% Matrigel and 5 ng/ml EGF. Acini like structures were counted at day 12 and confocal image was taken using Carl Zeiss LSM 700.
Cell proliferation assays
Cell proliferation was assessed using the MTT assay, using at least three replicates. Cells were seeded in 96-well plates at 1×10 3 cells per well, and allowed to adhere overnight. Thereafter, on each day 20 µl of MTT (5 µg/µl in PBS) was added to the medium. Four hours later, the medium was removed with a needle and syringe, and blue formazan crystals trapped in the cells were dissolved in DMSO (120µl) by incubation at 37°C for 30 minutes. The absorbance at 490 nm was then measured using a Microplate Reader (VersaMax).
Immunoblotting, immunofluorescence, immunohistochemistry and antibodies
For immunoblotting experiments, cells were washed twice with cold PBS and lysed at 4°C in RIPA buffer containing 50 mM Tris (pH 7.4), 150 mM NaCl, 0.1%SDS, 1mM EDTA, 1% (vol/vol) Triton X-100, 1% sodium deoxycholate, 0.5mM EDTA, 1 mM sodium vanadate, 50 mM NaF and complete protease inhibitors (Roche). Lysates were cleared by centrifugation at 13000 rpm for 10 minutes, and aliquots of the cell extracts containing equal amounts of protein were analyzed for protein expression by western blotting. Proteins were separated by SDS-PAGE and transferred to nitrocellulose filters (BioRad). Membranes were blocked in TBST buffer (10 mM Tris-HCl (pH 7.5), 150 mM NaCl, 0.05% (vol/vol) Tween-20) containing 5% (wt/vol) milk.
Proteins were detected using the Amersham ECL reagent. microscope, and images were recorded with a Nikon digital camera.
For immunohistochemical staining, histological tissue arrays (BR10010c, BR1503d, BR244 and BR082a) purchased from USBIOMAX were routinely deparaffinized in xylene, 3 x 5 minutes, and rehydrated through an alcohol series. Protease-induced epitope retrieval was carried out and followed by heat-induced epitope retrieval. Tissues were pre-treated with trypsin working solution (0.05%) and incubated for 10-20 minutes at 37°C in a humidified chamber. Sections were allowed to cool down to room temperature. After a short rinse in distilled water, the sections were boiled in a microwave oven at 800 Watts in 100 ml of 0.01M citrate buffer (pH 6.0) for 5 x 2 minutes. After treatment, the beaker was left on the bench to cool for 30 minutes. images were recorded using a Nikon digital camera. The expression levels of PHF8 and MYC were semi-quantitatively based on staining intensity and distribution using the immunoreactive score (IRS) as described by Su et al. (2014) 
Real-time PCR assay
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